Introduction
The study area ( fig. 1 , plate 1) includes most of the Coastal Plain physiographic province in Arkansas. The area is bounded on the north by the Missouri State line, and on the east by the Tennessee and Mississippi State lines. The western boundary is defined as the western extent of the outcrop and subcrop (Hosman, 1982) of the Sparta Sand and the Memphis Sand of Claiborne Group (herein referred to as the Sparta Sand and Memphis Sand, respectively, which compose the Sparta-Memphis aquifer).
The U.S. Geological Survey in cooperation with the Arkansas Natural Resources Commission and the Arkansas Geological Commission has monitored water levels in the Sparta-Memphis aquifer since the 1920's. During the spring of 2003, 341 water levels were measured in wells completed in the Sparta-Memphis aquifer. The purpose of these measurements was to provide information describing the potentiometric surface of the Sparta-Memphis aquifer. During the summer of 2003, 70 water-quality samples were measured for temperature and specific conductance from wells completed in the SpartaMemphis aquifer in Arkansas. This report presents results as a potentiometric-surface map, a water-level change map comparing water levels from 1999 to 2003, water-level hydrographs, and water-level and water-quality data tables.
The well-numbering system used in this report is based upon the location of the wells according to the Federal land survey used in Arkansas. The component parts of a well number are the township designation; the range designation; the section number; three letter designation which indicates, respectively, the quarter section, the quarter-quarter section, and the quarterquarter-quarter section in which the well is located; and the Figure 1 . Location of study area.
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sequence number of the well in the quarter-quarter-quarter section. The letters are assigned counterclockwise, beginning with "A" in the northeast quarter or quarter-quarter or quarter-quarter-quarter section in which the well is located. For example, well 01S03W04BBD16 ( fig. 2 ) is located in Township 1 South, Range 3 West, and in the southeast quarter of the northwest quarter of the northwest quarter of section 4. This well is the 16th well in this quarter-quarter-quarter section of section 4 from which data were collected. 
Methods
Personnel from the USGS measured water levels from March 2003 to May 2003 from wells completed in the SpartaMemphis aquifer. Measurements were made using steel or electric tapes graduated in hundredths of a foot. The steel and electric tapes used by USGS personnel were calibrated during January 2003 prior to collecting measurement from wells. Calibration of steel and electric tapes was performed by comparing the field steel or electric tape to a standardized steel tape used only for calibration of field tapes.
Well locations were measured using Global Positioning System receivers to acquire the horizontal coordinate information, latitude and longitude, based on the North American Datum of 1983. The latitude and longitude of the wells in Arkansas were recorded from a Global Positioning System accurate to one-tenth of a second of latitude and longitude (approximately 10-20 feet (ft)). The latitude and longitude of the well location were transferred to the topographic map and the altitude of the well (National Geodetic Vertical Datum of 1929) was determined from the topographic contours at the location on the map. Altitude is accurate to one-half of the contour interval.
Water-quality samples were collected for dissolved chloride analysis using the procedures described in the "National Field Manual for the Collection of Water-Quality Data" (U.S. Geological Survey, variously dated). Wells were purged for a minimum of three casing volumes. During the well purge, specific conductance and temperature were monitored until measurements became stable. If the specific conductance and temperature were unstable, the well purge continued past the minimum three casing volumes until specific conductance and temperature values stabilized. Sample bottles were rinsed with sample water, filled, and chilled with ice for shipping. Preservation is not required for a dissolved chloride analysis.
Specific conductance data were measured from selected wells using specific conductivity meters with temperature compensation. Specific conductance meters were calibrated twice daily by comparing the measurement of the specific conductance meter of two specific conductance calibration solutions. Specific conductance is a measure of the electrical conductance of a substance. As the dissolved solid concentration in ground water increases, specific conductance increases.
Description of Aquifer
The Sparta Sand and Memphis Sand are of Eocene age mainly consist of fine to medium sand. Some silt, clay, and lignite occur in the upper portion of the Sparta Sand and Memphis Sand. Sands in the Sparta Sand were deposited by shifting streams on a deltaic-fluvial flood plain (Payne, 1968) . These sands are mostly interconnected, but separately identifiable sands can be traced for short distances (Snider and others, 1972) . The Cook Mountain Formation of Claiborne Group overlies the Sparta Sand and serves as an upper confining unit. The permeable units of the Sparta Sand and the Memphis Sand compose the respective aquifers. Water levels in the Sparta aquifer generally correlate with those in the Memphis aquifer; therefore, the water-bearing formations are considered to be one hydrologic unit (Stanton, 1997) .
The Sparta Sand is composed of a sequence of alternating sand and clay beds between the massive clays of the overlying Cook Mountain Formation of Claiborne Group and the underlying Cane River Formation of Claiborne Group confining units (Hosman and others, 1968) shown in table 1. The Sparta Sand is in the southern part of the study area (south of about 35 degrees latitude, plate 1) where the Cane River Formation of Claiborne Group is composed predominantly of clay. The Memphis Sand is in the northern part of the study area (north of about 35 degrees latitude), and the Cane River Formation of Claiborne Group or equivalent facies is composed predominantly of sand. In the southern area, the Claiborne Group is subdivided into the Carrizo Sand, Cane River Formation, Sparta Sand, Cook Mountain Formation, and the Cockfield Formation, but the equivalent section in the northern area is a single formation known as the Memphis Sand. The Memphis Sand is underlain by a thick layer of clay in the upper part of the Wilcox Group. The Sparta Sand generally thickens and ground water increases in salinity as depth of occurrence increases to the southeast. The Sparta Sand is 50 to 200 ft thick within the outcrop area (along the western limit) and thickens easterly to nearly 900 ft. The Sparta Sand contains freshwater throughout most of its extent in Arkansas. However, saltwater is present in the extreme southeastern part of the State in parts of Ashley, Chicot, and Union Counties.
Potentiometric-Surface Map
A potentiometric-surface map is constructed using waterlevel measurements from wells that are represented by control points on the map. Hydrologic principles, water-use data, and historical information are interpreted with the control-point data to delineate the potentiometric-surface contours. The number and location of control points will vary for potentiometric-surface maps from different years. The combined information will result in both variations and similarities in potentiometric contours that define the surface depicted on the maps produced in different years.
The potentiometric-surface map shows the altitude to which water would have stood in tightly cased wells completed in the aquifers (plate 1). The map is based upon water-level data collected in 341 wells (table 2), in the Sparta-Memphis aquifer in the spring of 2003. The surface is mapped by determining the altitude of the water levels measured in the wells and is represented on the map by contours that connect points of equal water-level altitude. The general direction of ground-water flow in the Sparta-Memphis aquifer is perpendicular to the contours in the direction of decreasing hydraulic gradient.
Cones of depression or potentiometric depressions are usually caused by withdrawal rates that exceed the flow rates within the aquifer over an extended period of time. When a well is pumped the water level in and around the well declines, creating a slope or gradient in the potentiometric surface. The gradient increases the flow of water in the aquifer towards the lower water level. When pumping is stopped the water level recovers. In an area where withdrawal rates exceed the flow rates in the aquifer, the area of the declining water level expands to form a cone of depression or potentiometric depression. The cone of depression can reach equilibrium when the flow rate increases with the expanding cone of depression or the withdrawal rate declines with the lowering of the water level.
The natural direction of flow, which historically was eastward from the western limit and then southward, in the SpartaMemphis aquifer is now altered in areas by large ground-water withdrawals. The regional direction of ground-water flow in the Sparta-Memphis aquifer was generally to the south-southeast in the northern half of Arkansas and to the east and south in the southern half of Arkansas, away from the outcrop area except where affected by large ground-water withdrawals (Joseph, 1997; . The highest water-level altitude measured was 328 ft above NGVD of 1929, located in Craighead County at the northern boundary of the county on Crowleys Ridge; the lowest water-level altitude was 199 ft below NGVD of 1929 in Union County (table 2) . The lowest level in Union County represents a 2-ft decline in water level since the spring of 2001 (Schrader, 2004) , in the cone of depression centered at El Dorado, Arkansas.
Three large cones of depression are shown in the 2003 potentiometric-surface map, centered in Columbia, Jefferson, and Union Counties, as a result of large withdrawals for industrial and public supplies (Holland, 2004; 1993) . A broad depression exists in western Poinsett County in Arkansas. The cone of depression centered in Jefferson County deepened and expanded in recent years into Prairie County where withdrawals for agricultural, irrigation, and public supplies have increased from 22.6 million gallons per day (Mgal/d) in 1990 to 24.7 Mgal/d in 1995 to 27.7 Mgal/d in 2000 (Holland, 2004; 1993) . The cones of depression in Columbia and Union Counties are elongated east to west because of large industrial withdrawals and coalesce at or near the Columbia and Union County The potentiometric surface indicates that large withdrawals have altered or reversed the natural direction of flow in most areas. Flow in the areas surrounding the cones of depression, shaded in grey on plate 1, is toward the cone of depression at the center of pumping. In the northern third of the study area the flow is from the east, west, and north towards the cone of depression in Poinsett County. In the central third of the study area the flow is dominated by the cone of depression centered in Jefferson County. Flow from all directions is towards the cone of depression in Jefferson County, with the exception of Cleveland County. In Cleveland County the flow is towards the southeast to the small cone of depression centered at the City of Rison. In the southern third of the study area the flow is dominated by the two cones of depression in Union and Columbia Counties. Flow is radially in towards the center of the cones of depression. In most of eastern Columbia County the flow is west towards the cone of depression near Magnolia. Near the Columbia-Union County line the flow reverses direction, east towards the cone of depression in Union County. In Ashley and Chicot Counties the flow is south-southwest.
Status of Water Levels Water-Level Change Map from 1999 to 2003
A map of changes in water-level measurements between 1999 and 2003 (plate 2) was constructed using the difference between water-level measurements from 281 wells (table 3). The change in water level was calculated by subtracting the 2003 depth to water from the 1999 depth to water. Positive values indicate a rise and negative values indicate a decline in water level. Rises in the water level are indicated on plate 2 with blue triangles pointing upward; declines in the water level are indicated with red triangles pointing downward. Triangles are scaled to the relative value of the rise or decline. The change in water level between 1999 and 2003 ranged from -71.6 to 57.8 ft. The largest rise of 57.8 ft and the largest decline of -71.6 ft in water level measured were both in Columbia County. Locations of the largest rise and largest decline in the study area are less than 5 miles apart. 
Long-Term Hydrographs
Hydrographs were constructed for wells with a minimum of 25 years of water-level measurements. Selected hydrographs are shown in figure 3 . The minimum 25-year period is used to evaluate long-term trends not dominated by variations in climate and localized pumping rates on water levels in a single well. A trend line using linear regression was calculated for the period from 1979 to 2003 to determine the slope in feet per year (ft/yr) for water levels in each well. The slope of the trend line represents the typical annual decline or rise in water level during the 25-year period. Table 4 shows the number of wells, the range of the annual rise or decline in water level for the county, the mean, and the median value for each county. Negative values denote a decline in water level.
During the period 1979-2003, the mean annual water-level rose only in Lafayette and Ouachita Counties. Mean annual declines were between -0.5 ft/yr and 0.0 ft/yr in Columbia, Dallas, Grant, Lee, Phillips, and Woodruff Counties. Mean annual declines were between -1.0 ft/yr and -0.5 ft/yr in Bradley, Calhoun, Cleveland, Craighead, Desha, Drew, Jefferson, and Union Counties. Mean annual declines were between -1.5 ft/yr and -1.0 ft/yr in Arkansas, Cross, Lincoln, Lonoke, Poinsett, and Prairie Counties. 
Water-Quality Conditions
Water samples were collected from 70 wells in the summer of 2003 and measured onsite for specific conductance and temperature in Arkansas (table 5) . Wells were purged until the water temperature and specific conductance stabilized before samples were collected to ensure a representative sample. Temperature is necessary to normalize reporting of specific conductance values at 25 degrees Celsius. Specific conductance data indicate regionally diverse zones of mineralized water within the aquifers across the study area. Specific conductance ranged from 82 µS/cm in Jefferson County to about 1,210 µS/cm in Lee County (table 5) . The median specific conductance was 340 µS/cm and the mean specific conductance was 400 µS/cm. Along the western border of the Sparta-Memphis aquifer in Arkansas near the outcrop area, ground water has low specific conductance-generally less than 200 µS/cm. Specific conductance increases to the east and south. This gradual increase of specific conductance to the south continues to the Louisiana State line.
Although there is a regional increase in specific conductance to the east and south, anomalous increases occur in some parts of the study area. Relatively high specific conductance values (greater than 700 µS/cm) occur near the cones of depression in Union and Columbia Counties. This increase in specific conductance may be because of leakage of water with greater conductance from an underlying aquifer. A previous study documented several specific conductance values greater than 2,000 µS/cm for ground water from the Sparta aquifer in Union County in 1984 (Broom and others, 1984) . Relatively high specific conductance values also occur in Lee, Monroe, and Phillips Counties. Morris and Bush (1986) and Broom and others (1984) cited upward leakage of saltwater from the Nacatoch aquifer into the Sparta aquifer through a fault or abandoned oil and gas wells as possible explanations for these anomalies. The potentiometric surface indicates that large withdrawals have altered or reversed the natural direction of flow in most areas. Flow in the areas surrounding the cones of depression is toward the cone of depression at the center of pumping. In the northern third of the study area the flow is from the east, west, and north towards the cone of depression in Poinsett County. In the central third of the study area the flow is dominated by the cone of depression centered in Jefferson County. In the southern third of the study area the flow is dominated by the two cones of depression in Union and Columbia Counties. The map for water-level changes from 1999 to 2003 was constructed using water-level measurements from 281 wells. The change in water level between 1999 and 2003 ranged from -71.6 to 57.8 ft. The largest rise of 57.8 ft and the largest decline of -71.6 ft in water level were measured in Columbia County. Areas with a general rise are shown in Arkansas, Bradley, Calhoun, Cleveland, Columbia, Ouachita, and Union Counties. Areas with a general decline are shown in Craighead, Crittenden, Cross, Desha, Drew, Jefferson, Lonoke, Phillips, Poinsett, Prairie, and Woodruff Counties.
Summary
Hydrographs were constructed for wells with a minimum of 25 years of water-level measurements. A trend line using a linear regression was calculated for the period of record from spring 1978 to spring 2003 to determine the annual decline or rise in feet per year for water levels in each well. The mean annual water-level rose only occurred in Lafayette and Ouachita Counties. Mean declines were between -0.5 ft/yr and 0.0 ft/ yr in Columbia, Dallas, Grant, Lee, Phillips, and Woodruff Counties. Mean annual declines were between -1.0 ft/yr and -0.5 ft/yr in Bradley, Calhoun, Cleveland, Craighead, Desha, Drew, Jefferson, and Union Counties. Mean declines were between -1.5 ft/yr and -1.0 ft/yr in Arkansas, Cross, Lincoln, Lonoke, Poinsett, and Prairie Counties.
Specific conductance ranged from 82 µS/cm in Jefferson County to about 1,210 µS/cm in Lee County. The mean specific conductance was 400 µS/cm. Elevated specific conductance values generally were associated with wells located in areas where previous studies have documented elevated specific conductance values. (Hosman and others, 1968) 
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